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Roe Mach=0.1
PRESSURE : MIN=71.0920 MAX=73.5269
VFRoe Mach=0.1
PRESSURE : MIN=71.0920 MAX=73.5254
Godunov Mach=0.1
PRESSURE : MIN=71.0919 MAX=73.5208
Roe Mach=0.01
PRESSURE : MIN=7138.78 MAX=7159.35
VFRoe Mach=0.01
PRESSURE : MIN=7138.78 MAX=7159.35
Godunov Mach=0.01
PRESSURE : MIN=7138.78 MAX=7159.35
Roe Mach=0.001
PRESSURE : MIN=714244 MAX=714446
VFRoe Mach=0.001
PRESSURE : MIN=714244 MAX=714446
Godunov Mach=0.001
PRESSURE : MIN=714244 MAX=714446
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VFRoe-Turkel Mach=0.1
PRESSURE : MIN=71.2412 MAX=71.9025
VFRoe-Turkel Mach=0.01
PRESSURE : MIN=7142.67 MAX=7143.33
VFRoe-Turkel Mach=0.001
PRESSURE : MIN=714285.5 MAX=714286.2
½Jikxlarc H    Æ ¡ 	 Â  Æ!   Â   Â R
	»  Â$Æ  ¡ -*   Æ Ç Â  Â   !OÆ  0 
   ë Æ    
 	  
¹ÇJÇ Â  

   J Æ  Æ <"
+,TS-+ è
 
	 "!$#&%'&(
'#) *,+-/.*0%'12(3	'4+5 ( 76988;: 
    "¸( J*
N zikuanxu©nvz~jb-wyprs|p{io7n|uPn|mk~jz{iozes|¥:¦§s } lauasq¨6z{^acb-cxÉ#ª¸c^n±¨vc-c*y^aik¬ai³prc } pr^acb-c^nxuaiozb p{^n|pwarc¨xcuBprz§p{^ikzp~Bw=c
sx¥:n|wawars±yitb7n|p{iksxu>p{ssxb-walyprcuacRn|iku*svb-wa{cRz{z{ik¬amtc¶sqªz­]_^acp{rsxla¬mtcsxb-cz¥¹{svb pr^ac¥Mnv0ppr^nqpp{^acituBp{c¥Mnv*c
warczrz{la{csxb-walyprc } ¬j~pr^ac'ikcb7n|uu8z{sxmk¨xc*svuvpn|ikuz'warczrz{la{c§¶lP0p{lPnqp{iksxuPz's|¥sx } c:Hnx^8c¨vcu8i³¥pr^acikuai³priknxm } n|prn
pr^nqp } c*Àuacp{^ac§'itcb7n|uau-warsx¬amkcb *svuBprn|ikug¶l*p{ln|p{iksxuzpr^nqp¸z{n|mkc'ª'i³pr^-p{^ac§z{·Blnx{c_s|¥Epr^acnv^gujlab¬Pc­]_^aioz$¥Mnv0p
ioz } ccwamt~7mkikuPAxc } p{sp{^c¬=c^n±¨jiksx¸s|¥»pr^acezsvmtlypritsvuzµs|¥»pr^ac H lamkc_c·Bln|p{iksxuz¸nqp_mtsqª[Hnx^ujlab¬Pc$it¥»pr^acikuaitp{ion|m } n|prn
nx{cus|pª¸cmkmJwa{cwn|rc } Éap{^cuHiku>n }a} itp{iksxu8p{sp{^acituP*sxb-warczrz{it¬amkcsxb-wPsvuacuBpRÉpr^acgz{sxmklypritsvuzsx¥$p{^ac H lamkc§c·Blnqpritsvuz
sxuBprnxitu©n|mozs8n|u6c*jpr{cbgcmt~H¥Mnxzpnv*svlzprikwnxpR­-]_^ikznv*sxlPzprikwn|{pikzsxb-walyprc } ¬j~p{^ac } ikzr*rc*prc-zr^acbgcp{^Pnqprc 
nv0prz'p{s7pr^acn|{p{itÀPiknxm } ikzr*svuBp{ikuBli³pritcRz } lacprs7p{^cwars|c*p{iksxu9s|¥Jp{^acituaitp{ion|m } nqpn-sxu8waikccª'iozcsxuzprnxuBprz_¬j~{cRnqp{ikua
nv*sxlPzprik§ª_n±¨xcz_n|p¸pr^acikuvprc{¥Mnxc§¬=c*pª¸ccupr^ac*cmtmoz­
®6cgnxmkz{sz{^asqª pr^nqpnxzikupr^acgnxz{csx¥µ'sxc-zr^acb-c #  ÉEp{^ikzez{i³prlnqpritsvu>nxu¬=cgsxuBp{rsxmkmkc } ¬j~b-s } i³¥¹~jikuap{^acgujl
b-crion|m=¶lajcRz¸ª'i³pr^pr^ace^acmkwsx¥#warcsxu } itp{iksxuituap{cR^auaio·Blacz­´8sxrcz{wPcR*itÀPnxmtmk~xÉyª¸c§wa{svwPsBzc:p{s7^nxuaxc:p{^acesxrikxikun|m
'ikcb7nxuauHwarsx¬amkcb ¬j~n   % "!  "! 'ikcb7n|uuHwarsx¬amkcb8­®6cnxwawamk~pr^aikz§zp{nqp{cx~p{sn¼½'sxcgz{^cb-cx­ L uHp{^aioz
monqp{p{cnxz{cxÉyª¸cz^asqª ¬Psxp{^p{^acsxrc*prikn|mkmt~nxu } uBlbgc{ionxmtmk~-p{^Pnqp'p{^czsvmtlypritsvusx¥#pr^acwarc*svu } itp{iksxuac } itcb-nxuau9wa{sv¬
mkcbwPsBz{z{czrzcRz¸wa{cRz{z{larc:¶Pl0prlnqpritsvuz's|¥p{^acsxr{cR0p_b7n|xui³prl } cx­
$rcsxu } i³pritsvuac } sxb-warczrzik¬amkczsvmt¨vcz  #  É ×  É   n|rcn|¬amkcprs } cRn|m#ª'itp{^Hp{^acgzikuaxlmknx{itp~sx¥p{^ac H lamkc§c·Blnqpritsvuz
ikuÌpr^acmksqªnx^ uBlb¬=cg{cxikbgcv­ È svbgwPn|rikz{sxuzª'i³pr^ iku*svbgw{cRz{z{it¬mtcnxu } mksqªnx^¤ujlab¬Pcgz{sxmk¨xcrzz^asqª pr^ac
cycmkmtcuBp¬=c^n±¨jiksxsx¥$p{^acRzcbgcp{^as } z J z{cccx­ ­ ×qd  É k  É td  É k    K0­§sqª¸c¨vcRÉaitusxlasxwaikuaiksxu»É=p{^crcnxz{sxu8sx¥$p{^aioz
vsBs } ¬=c^n±¨jiksx´rcb7nxituz´lau*mkcnx­:zµb-cuBp{iksxuc } ¬j~ (§­B¨qn|uÊ»cc²nxu }  óÊ²­§n|rb-s|¥Mn|mPitu ×|  pr^ac:¬=cuacÀP*ion|mPitua¶lacuP*c
sx¥Jwarcsxu } i³pritsvuaitu7sxup{^acnvlarnv*~7sx¥sxb-warczrzik¬amkcez{sxmk¨xcrz_iku9p{^acmtsqª nx^8ujlab¬=c'rcvitb-cª_nxz'nxu9luac*yw=c0prc }
z{i } c§c =cR0pR­ L up{^ikz_wnxwPcÉynvz¸nÀzp'zp{cw9ikup{^cenxun|mk~yziozµs|¥#pr^acz{c§bgcp{^as } zÉyª¸c^n±¨vcz{^asqª'upr^nqp_pr^acb-sBzp'sx¬j¨jiksxlz
rcz{lamtp´s|¥¿warc*svu } itp{iksxuaikua*svuz{ikzprz$sx¥=rcb-sq¨jikua§p{^ac'¶Pl0prlnqpritsvuz$s|¥¿sv } c²nx^-ikugp{^acikuBp{c¥Mnv*c'warczrzl{cRz­J]_^BlPzÉvitu
z{sxb-cz{cuPzcvÉxpr^ac:warcsxu } i³pritsvuac } z{sxmk¨xcrz´z{lawaw{cRz{z´p{^aclaujª¸nxuvprc } nv*sxlPzprik'ª_n±¨xcRz$xcuacnqprc } ¬j~gp{^acituBprc{¥Mnx*c } ikzr*svu
pritujlaitp{ikcz­ L p'ª'itmkm»rcb7n|ikup{s-warsq¨xcp{^n|p¸pr^acrcz{lam³pritu¶Plyycz_warsq¨ji } cRz_nvsjs } n|wwa{s±yikb7nqp{iksxus|¥#pr^aciku*svbgw{cRz{z{it¬mtc
z{~yzprcb8­®^aikmtcgpr^acrcgnx{cgc*yw=critb-cuvpn|mJc¨ji } cuczez{^asqª'itup{^Pnqpep{^aioz§ikzeiku } cc } p{^ac7nvzcvÉ=p{^acgp{^csxrc*prikn|mJwarsBsx¥²s|¥
pr^aikz'¥Mnx0prcb7nxituz¸prs-¬Pce¥¹svlau } ­
STS àIUPV±õøW
x   : + +-I ! I ! :T.1 "
  <  3
:crc>nxzitu[z{c*p{iksxu É'ªµc6*sxuPzi } cp{^ac>mtikb-i³p8zsvmtlypritsvus|¥pr^ac>'ikcb7nxuauwarsx¬amkcb J xRK-iku sx } c7p{sËi } cuBp{it¥¹~Ëpr^ac
mkitb-itpz~yzp{cb2pr^nqp§p{^c } ikzr*rc*prclau2ABusqª'uzzrnqprikz¥¹~x­ L u©z{c0pritsvuaÉ¿ª¸cg^n±¨xcgz^asqª'uHp{^n|p§c¨xcu>i³¥µp{^acgikuai³priknxm } nqpnnx{c
Bªµcmtmwarcwnx{c } Denxu } s|¥p{^c¥¹sxrb J dxd Od   K0Éap{^acz{sxmklypritsvu8n|¥ùp{c:sxucp{ikb-czprcwHsxuBprnxituzwa{cRz{z{larcª¸n±¨vcz_sx¥sv } c  |­
]_^ac{c¥¹sxrcxÉ¿ª¸c^Pn±¨xcprs9sxuz{i } ceb-sxrcvcuacrnxmikuaitp{ion|m } n|prnp{^nxu J dxdód   K0ÉEiO­ cgªµcg^n±¨vcprs9sxuz{i } cp{^ac7nvzcgª'^ac{c
pr^acikuaitp{ion|m } n|prnnxm³pr^asxlx^zp{ikmtm¿^nxrnv0p{c{i Qc } ¬B~7nmtsqª[nv^ujlab¬=c_n|rcuasxpµª¸cmkmEwa{cwn|rc } ­ L un }a} itp{iksxu»Éyz{ituP*cpr^ac
iku*svb-wa{cRz{z{ik¬amtc H lamkc'b-s } cm»zlawwPsvpz } cuz{itp~ } ikzr*svuBp{ikuBli³pritcRzÉyª¸cn|mozsgn|mkmtsqª ikup{^acikuaitp{ion|m } n|prnaÉBpr^acwPsBz{z{ik¬aitmkitp~-p{s
^n±¨vc    ²} cuzitp~ } iozr*sxuBpritujlaitp{ikcz­´]_^jlz¸p{^acepª¸s7zpnqprcz1 1 n|u }  * n|rcenxzrzlab-c } prs7^n±¨xcp{^ace¥¹svmtmksqª'ikua¥¹sv{b
 1  	   13, $     1, .    13,    (21 ' 
	   6G(213, .    (213,     1 ' 
	
      13, .      13,    4 1   	   	 4 $  6  4 13, .  6   4 13,    
J H H K
nxu }
 *   	   *-, $  6   *-, .  6    *-,    (+* ' 
	     (+*-, . 6  (+*-,      * ' 
	    6  *-, . 6   *-,    4 *  	   	 4 $  6 4 *-, . 6  4 *-,     
J H #IK
z7itu z{c*p{iksxuZaÉ_ª¸c9ikuBp{rs } l*c8pr^acz{cHnxz{~jb-wyp{sxp{io8c*ywn|uPziksxu itu pr^acHz^sj A n|u } n|rc*¥Mnx*p{iksxuZ*lar¨xcRz­ L pioz7cRnxz{itmk~
z{ccupr^nqpn|Bn|iku7p{^cz{celar¨xcz } cxcucnqp{c§ikuvprsgzp{n|ikx^Bp¸mtikuacz_sx¥Jz{mtsvwPcRz /  9   4 $  13, $ n|u }  9 9   4 $  *-, $ ­:sqªµc¨xcÉ¬=cn|lz{c 4 1, . n|u } 4 *-, . n|rcuasxpCQc{sPÉapr^ac¥¹sxl:w=svzrzik¬amkcª¸n±¨vcz'wPnqpprcrus|¥´½JitP­:7nxusy*l­8sv{csq¨xcRÉ } lacp{s7pr^ac   ²} cuz{itp~ } ioz{sxuBp{ikujlaitp{ikczÉjp{^acz{wPcc } z_sx¥z{sxlu } nx{ceuasxp'c·Bln|m¿svu9p{^acepª¸sgz{i } cz_sx¥pr^ac*svuvpnx*p } ikzr*svuvpritujlaitp~x­
:sqªµc¨xcRÉjitu9pr^ace¥¹sxla'w=svzrz{it¬amkcnvzcRzÉjpr^aceituBp{crz{c*p{iksxu9s|¥Jp{^acz{^asy An|u } n|rc*¥Mnv0pritsvu*l{¨vcz¸xik¨xcRz
(  '  	         13, $ (+13, .    *-, $ (+*-, .  13, $    *-, $ /

  4 $
& 4 .
  13, $    *-, $

     
4   	   	  4 $  6    *-, $ 4 1, .   13, $ 4 *-, .  13, $    *-, $ /   4 $
  13, $  *-, $
  13, $    *-, $
&9(2. 
     
J H RK
ª'^ac{ce^ac{c &  & & *+1     * /    1J­$]_^ace¨±nxmtlcz_s|¥p{^ac } cuz{i³p~nxu } pn|uavcuBp{ion|mE¨vcmksji³pritcRz_sxup{^acepª¸sgz{i } cz¸s|¥
pr^ac*svuvpnx*p } ikzr*svuvpritujlaitp~nx{cexik¨xcu¬j~ 

1   	   13, $  6    13, . /  13, $
  13, $  *-, $
  13, $    *-, $
&9(+.
  4 $  
13, $   13, $
  13, $    *-, $
& 4 .
 4 $ 
     
 1   1

*   	   *-, $  6    *-, . /  *-, $
  13, $  *-, $
  13, $    *-, $
&9(+.
  4 $  
*-, $   *-, $
  1, $    *-, $
& 4 .
 4 $ 
     
 *   *
J H RK
È svuzi } c§usqª p{^c-nxwawamkiknqpritsvus|¥'¦§s } lauasq¨zr^acbgcgiku6n8½Jitui³prc7¼$sxmklab-c¥¹n|b-cªµsv AE­½sxzikb-wamkiki³p~vÉ#ª¸cgsxuz{i } c
pr^nqpª¸c7lz{cn9{cxlamon|n|{p{cz{ion|uv{i } s|¥_lauait¥¹sxrb b-cz{^¤zi Qciku©pªµs } ikb-cuz{itsvuz­   6 iozep{^ac7iku } c6sx¥µpr^ac
uas } cª'^asvz{c7*sjsx } ikunqprczn|rc    	   n|u } ª¸c7lzc-pr^acuasxprn|p{iksxu
      / :6      6,  	=/  ,  ,	    
sv
  ?       ¥¹sxmon|¬=cmkmtikua¤pr^acHuacitv^j¬Psvrz-sx¥pr^acHxri } us } c±­°]_^acHcmkmnvz{z{sy*ionqp{c } ª'itp{^us } cioz
     2/ 9      6  9         /6 9      1  9     É ikz¸pr^acesxlypª_n| } luai³p'uasv{b7nxm=¨vc*p{sx_svu %   n|u } ªµc§uasxp{c
  



 
 ­
+,TS-+ è
 
	 "!$#&%'&(
'#) *,+-/.*0%'12(3	'4+5 ( 76988;: y
®^acuÌnHzp{cn } ~>zprn|p{ciozrcnv^ac } É#p{^ac9n|wawmtion|p{iksxu©s|¥'n8Àzp Osv } ceÀuaitp{c¨xsxmklab-czr^acb-c~jikcm } zep{^c7¥¹sxmkmtsqª'ikua
z{cb-i  } iozr*rc*p{cecR·vlPnqp{iksxu   
 1  >         I J #|RK
ª'^ac{c   } cuas|prcp{^cg¨qnxmtlacs|¥´pr^ac7zpnqprcsxup{^acgikuvprc{¥Mnxcz¬PcpªµccuHpr^ac-*cmkmoz nxu } 0­½sxmkmtsqª'ikua7pr^ac7n|unxmt~yz{ikzpr^nqpª¸c^Pn±¨xc§wPc¥¹sv{b-c } sxup{^acnvz~jb-wyprs|p{io§zsvmtlypritsvusx¥#pr^ac'itcb7n|uau9warsx¬amkcb8Éyª¸cª'ri³prc§p{^acRzceikuvprc{¥Mnxc¨qn|mklacRz_itu
pr^ace¥¹sxmkmtsqª'ikuag¥¹sxrb 
    	   $     .        @8 *
(      	      ( .    (   @8 ;
     	       .       I 8;
4    	   	  4 $     4 .    4    @8  
J #yK
pr^acup{^ac§¶la¥¹lau*p{iksxu9c¨qn|mklnqprc } sxupr^aioz¸zprn|p{ce^nvz´pr^ac§¥¹sxmkmtsqª'ikuagc*ywn|uPziksxu J ^acrc (      } cus|p{c§rcz{wPcR0p{ik¨xcmt~-pr^acuasv{b7nxm»n|u } prnxuaxcuvpriknxm¿¨xcmtsy*itp{ikcz_svupr^acikuvprc{¥MnxcK 
  /        .  	   	    $  ( .       1
  /          	   	  4 $  6 4 .  6    $  ( .    4  
    # 1
  /        #  	   	     $ ( .  .     # 1
  /          	   #	    /6 4 $ ( .       1
½{svbºpr^ac§c*ywarczrziksxu J H RK´s|¥¿pr^acikuBp{c¥Mnv*c:w{cRz{z{larcxÉxitp_ikz¸zccup{^n|p 4 $  4 $ ´n|u } p{^acupr^acsv } c  b-sxb-cuBp{lbcR·vlPnqp{iksxuPz } cvcuacrn|p{cz¸ikuBp{s 
4 $
 
 1  >   I
¬alapp{^acesv } c  b-sxb-cuBprlabcR·vlPnqp{iksxuPz¸nx{c:  
 1  > 4
.
   @ J #x0K
ª'^ac{c§pr^ac¨qn|mklacs|¥
4 . ioz'xik¨xcuiku J H  K0­´]_^aioz_xik¨xcRz²¥¹sv'p{^c§^sxri-QsxuBprnxm=b-svbgcuBp{labc·Blnqpritsvu	
/	  $ 4 . 
    $ 
 4 .  $    $ 
  
  $  4 .    $ 4 .  $    $ 
   4 $    $  $   $    $  &
  ( . /   $  $ 
  $    $ 
 & 

 ( . 
J #|RK
nxu } ngz{ikbgikmon|'c*ywarczrz{itsvu¥¹sxp{^ac¨vc{p{ion|mEb-sxb-cuvprlabcR·Blnqpritsvu»­´½arsxb J #q K0Éaitpikz'mtcRn|_pr^nqp!4 . ikz'us|p7nxz'z{sjsxu8nxz
pr^ac¨vcmksji³p~Àcm } iozus|pluai³¥¹sv{b8­:¾:s|prcn|moz{s-p{^n|pc·Bln|p{iksxu J #qRK'ikz§n|mkb-svzp:i } cuBp{ionxm»p{sp{^acc·Blnqpritsvusx¬ypn|ikuac } ¥¹sx
'svc } ikzr*rc*prikzrnqpritsvuiku  #  ­
STS àIUPV±õøW
v   : + +-I ! I ! :T.1 "
 'q'"¸' 
t  ­ (¸i mBnxu } 8®>cRz{z{cmkikua­| lauaitÀc } b-c*pr^as } ¥¹sx*sxb-walap{ikuaiku*svbgw{cRz{z{it¬mtc´nxu } *svbgw{cRz{z{it¬mtc¶sqªz»itu¬=sxlau } n|r~
Àpp{c } *sjsx } ikunqprcx­  :I(C  :9# É#d k    E#qÉyvxa­
   h¿­ È mtcrx­$¾lab-crion|m»z{ikblamonqpritsvus|¥Jp{^c^asxb-sxvcuacsxlzµc·Blaikmkit¬ariklab¥¹sv_pªµs Owa^Pnxz{c¶sqªz­  I I+ O (  
	
 "+9#%# ÉJ H      d j#   Éxxxva­
   ­cr¨jitcly¿É ­¿¦§lac&QcuaBn|RÉ=:cr¨ ¦§litmkmknx } É=nxu }>È ­=¼:iks0Qn|p­§unxmt~yz{ikz:s|¥´mksqª nx^Hz{itblamonqp{iksxuPzª'itp{^>sxb 
w{cRz{z{it¬mtcelawjª'iku } *s } cz­ L u 9 9.  ­|sv^au9®itmkc~9n|u } hjsvuzÉ¿Rxva­
 d  ­Bn } cz{waikcm H ­j]#laAxcmPnxu } ¾­ersxmkmL­»z{z{czrzb-cuvpµs|¥»warcsxu } itp{iksxuituabgcp{^as } z²¥¹sxµblamtp{i } ikb-cuz{itsvun|mEn|c{s } ~ 
uPn|b-ikz­  (  & # I ! +5!# ÉP H  H   H |dÉx#j­
    H ­E¦§rcuaikcR­ 2§zr*ikmtmonqprsxr~w=c{p{lar¬nqpritsvuzsx¥$p{^acg¾:n±¨jikc ëhBprs0Avcz_c·Bln|p{iksxuz­  : .*:9 '#&:0+ : É2# H  d# # BdBxÉ
Rx#j­
 H  ­#¦§laikmtmon| } nxu } ­»:¬axn|mkmO­ .!&+5 #&  !0'#9!R#
2(' )&2'#
% (  '# #	+-'# É#¨vsxmklab-c   s|¥   8  *8! 
"##$ 8 % . '&  " . '& 8
 ­µ¦enxlyp{^itc ó¼:ikmtmon|z ó¾:sx{p{^:sxmkmknxu } Éan|rikzÉ|vav­
 #  ­a¦§laitmkmon| } n|u }9È ­j¼:iks0QRnqp­ 2up{^c¬=c^n±¨jiksx¸s|¥#lwBª'iku } z{^acb-czµitup{^acemksqª[nx^ujlab¬Pc_mtikb-i³pR­  (  & #
I !(G!# ÉP|6 H  j H ÉPxva­
   h¿­)emknxitucrb-nxu nxu } ­¸Hnq } n­ È svb-wa{cRz{z{ik¬amtcnxu } itusxb-warczrzik¬amkc9¶lai } z­  I( (2%  2#** *I !
0 +5 !$.*&($ %# ÉP    H x  H   Évva­
   ­ >2­+ercioz{z­$rsx¬mtcb-zª'i³pr^ } iEcrcuBppritb-czrnxmtcRz§¥¹sxwnxpriknxm } i =c{cuvpriknxm´c·Bln|p{iksxuz­  ((2%  2# 
 ,I ! 90 +5 !$.*I'($ %# É=x xv jdxdvÉavx­
k  ­×©­BnvzcmtmonaÉ L ­v½nxitmkmkcxÉjn|u } ]e­B¦enxmtsvl-,*pR­ 2unxu7n|wawars±yitb7n|p{c:¦§s } lauasq¨gz{^cb-cx­ 8 :   : ' ( ":. +5! % ": É
± kv =dvÉavxa­
kx  ¦g­#c*p{ik¨jitcn|u } hE­ha^asy^ac*pR­g]_^ac-iku*svb-wa{cRz{z{ik¬amtcgmkitb-itps|¥²pr^ac7uasvuaikz{cuBpr{svwaik H lamkccR·Blnqpritsvuz­   %':  I :
.* %':- "+-: ÉPxxva­p{s-¬Pcwla¬amkikz{^ac } ­
kR  ¦g­J8c*prit¨jikcnxu } hE­Jhy^sj^c*p­Ê»ikbgitp{citusxb-warczrzik¬amkc } czR·Blnqpritsvuz }  H lamkcusxuóikz{cuBpr{svwaik·BlacRz­h b-ituPn|ik{c
R·BlnqpritsvuzHn|la } {ik¨ czwPn|{p{ikcmkmtcRz } cÌm *svmtcËsvmt~Bprc^auaio·BlacxÉp{s ¬=cÌ¥¹svlau } nqp  ^Bp{p{w 5F0Fqª'ª'ª­ b7nqpr^z­ lauit¨ 
rcuuaczx­ ¥¹Fb-c*prit¨jikc'F±warcwarikuvpz­ ^Bp{b-mOÉyxxx­
k  ­»n|ikmtmkcrcxÉ»hE­ È mkc|É È ­E¼:iks0QRnqpÉ L ­¿]sxlab-iOÉ»n|u }  ëJ­»n|vun|l } ­¾lab-crion|mJb-c*pr^as } z§¥¹sx§mtsqª«nx^Hujlab¬Pc
pr^acrb7n|m O^j~ } n|lamkio¶sqªz­ L u/   9.  ­.|sv^au9®itmkc~9n|u } hjsxuPzÉ¿Rxx­
kd  ­»n|ikmtmk`rcxÉ È ­¿¼:iks0QRnqpRÉE­elab¬Pn|rsÉ¿n|u } L ­¿]#svlab-iL­ È svb-wn|rikz{sxus|¥²mksqª nx^>ujlab¬=ceb-s } cmoz¥¹sxeunqprlan|m
sxuj¨xcR0pritsvuwarsx¬amkcb7z­ L u/  &(0 '(  I1 ,3254 ­µ¦§cuasvnÉ L prnxmt~vÉ H ë-hycwyprcb¬=cRxva­
k    H ­=hy^nxmtmOÉ È ­¼itsRQn|pÉ(§­sjsx¬alzÉyn|u } ­ cr¨BikclaE­'2upr^ac*svb-walyprn|p{iksxu8s|¥lauzp{cRn } ~n|uzzp{cRn } ~mtsqªnx^
¶Psqªz_ª'i³pr^9ikb-wamkiki³plawjª'iku } b-c*p{^s } z­ L u   9. 68799: É=xxav­
k H  h¿­jhy^sj^c*p­»z~jb-wyprs|p{ioz´¥¹sx¸z~jb-b-c*p{rio^j~jwPc{¬=sxmkik:z~yzp{cb7z²ª'i³pr^nmon|rxcwnxrnxb-c*p{c­;  "+ O! <C& &2 +
)&2 2# É #   k a #yÉPRxx­
k#  h¿­Phy^asy^acp­$½nvzp:z{ituxlamon|_mkitb-itprz'sx¥^j~jwPc{¬=sxmkik§w } cz­=  "+T,! <C& &2 +T)&2 2# É#xd  d # H    ±yÉaRxxd­
k  H ­ ½¸­]sxrs­# '($>"I+5' #,"!3(
&% + ($&;!#'I)9!3!
"(%# ­_hjwarituavc_¼$crmon|É(¸c{mkitu#É¿x#j­
k  H ­E]laAxcmL­e$rc*svu } itp{iksxuac } b-c*pr^as } z¥¹sv§z{sxmk¨jitup{^ciku*svb-wa{cRz{z{ik¬amtcn|u } mksqª z{wPcc } sxb-warczrzik¬amkcc·Bln|p{iksxuz­
  : (  :G?# É+#| '## a|vaÉaRx'#y­
×|  H ­x]#l AvcmO­'c¨jikcª s|¥Ewarc*svu } itp{iksxuaikua§b-c*p{^s } z¥¹sx$¶Plai }-} ~junxb-ikz­ 0 +5 ! (
&% +2.I'($ %'# É=R    # 
x|dPÉ=Rxva­
×y  H ­=]laAxcmOÉ­P½Ji³prcrb7n|u»ÉEn|u } (§­¨qnxuHÊ»cc­ 9  % "!   ?@1"! ,+E (  C)
%I(C  '##	'+-
 3  "%I(A	
  '##	'+-67 ,)&2 2#C'B 2   ! <C& & %  #&%'($# É´wPn|xcRzy   a||dP­Cxsx^au¤®ikmkc~¤n|u } hysxuzÉ È ^aik^czp{cRÉ
Rxxd­
+,TS-+ è
 
	 "!$#&%'&(
'#) *,+-/.*0%'12(3	'4+5 ( 76988;: |
×x  h¿­ N A±nxiL­»]_^cituP*sxb-warczrz{it¬amkcmkitb-itp¸nxu } p{^acitui³priknxmPmon±~xc$s|¥¿p{^c*svb-wa{cRz{z{ik¬amtc H lamtcµcR·Blnqpritsvuz­;  :".*: A0 
 2 : ÉP H  B| jxxÉaRx H ­
×|  (§­»¨qnxuÌÊ»ccn|u }  óÊ²­ §n|rb-s|¥Mn|mO­hBprcn } ~ H lmtcghjsvmtlypritsvuziku¤ J u K 2wPcrn|p{iksxuz­ L u ­»¼:ikcrcu } ccmoz H ­:io AEÉ
-­P'itcb7zmon|v^»Éyc } itp{svÉ . +E @0!3($&;!# 8,6  %  ! @# )  R    I*(+5 @0!@%I;'& & %  &+-!
   '	 &+ @I (
(    &(3	 &7 	 49: É$wn|vcz|d jva­¿hjwarituxcRÉJxxva­7Ê»cR0p{l{c7uasxp{cRzitu¤sxb-walypnqp{iksxuPn|m
zr*ikcuP*cn|u } cuxikuacc{ikua  dP­
×qd  È ­¿¼itsRQn|p­  I+-%'+9!  % +-&(
&2##    I  #3&C P#    #P'  C"(3	  !03.R% '4' ($ + +  @ #
&   # ­´$^ p{^cz{ikzÉ N uaik¨xcrz{itp~s|¥¾io*c hjsvwa^aion ëuBp{ikwPsvmtiozÉ¿xva­
×    È ­¼:iks0Qn|p­ È nxmklam }  sxlamkcb-cuBpz } ikwa^nxz{io·vlcz } nxuz'lauaceprla~x`{c  L ua¶lacuP*c } cmon-{cuasxrb7n|mkikzrnqpritsvu } lzr^b7n
} ce¶ly¿­´]#cR^auaionxmEcw=sx{pheh È 2)F|Ê¦eÊJh2Fq]CFqv ëadÉ È9H É=xxx­
× H  ¦g­¼$sxmkwPcv­´c¥¹sv{b7nxu*c§s|¥$*svbgw{cRz{z{it¬mtc¶sqª s } cz'n|p_mksqª°Hnx^9uBlb¬=cR­  8      I+ É  dv    H Évx­
× #  2­ È ­=ikcu2ABikcª'io'QvÉ­PhQb-cm³prcRÉn|u } ­Jcrn|ik{cv­ È sxb-warczrzik¬amkcenxu } ituP*sxb-warczrz{it¬amkc§¶sqªz µ:uHn|mkxsv{itp{^ab¥¹sx
nxmtm»z{cnvzsvuz­  (  : .*&;!# 90 +-:T.* %:  @R: É#| J K k   ERyvÉavx­
STS àIUPV±õøW
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
